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REMARKS 

The substitute specification together with the amended claims and 
drawings place the present U.S. national phase application in better form for 
examination on the merits. 

Also attached hereto is an Abstract of the Disclosure presented on a 
separate sheet in confomiity with the rules of practice. 

Based upon the specification, drawing, and claim amendments to this 
national phase application, it is believed that the amended specification and 
amended drawings and claims conform with U.S. formal requirements. 
Additionally, the amended claims as hereinabove presented conform in substance 
with the corresponding amended claims that were examined in the intemational 
application. And based upon the acceptance by the International Preliminary 
Examining Authority of the invention as it was claimed in the amended claims that 
were presented in the international application as meeting each of the novelty, the 
inventive step, and the industrial applicability criteria set forth in the Patent 
Cooperation Treaty, the claims as amended above are believed to conform with 
both U.S. formal and U.S. substantive requirements, and they are therefore 
believed to be in allowable form. Accordingly, an early Notice of Allowance is in 
order and is respectfully solicited. 

Should the examiner have any question after considering this 
Preliminary Amendment, he is cordially invited to telephone the undersigned 
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attorney so that any such question can be quickly resolved in order that the present 
application can proceed toward allowance. 

Respectfully submitted, 



June 23, 2005 




4729 Cornell Road 
Cincinnati, Ohio 45241 
Tel.: (513)469-0470 



Attachments: Attachment A 
Attachment B 
Abstract of the Disclosure 
Annotated drawing sheets showing the changes 
Replacement drawing sheets including the changes 
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ATTACHMENT B 

SUBSTITUTE SPECIFICATION 

(Showing All Changes Made to the Specification in Published International Application 
No. PCT/SE2003/001886. Publication No. WO 2004/057917 A1) 

METHOD TO SUPPLY ELECTRIC CURRENT TO A TUBE FURNACE 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to electrically heated furnaces, and more 
particularly to electrically heated furnaces in which the heating within the furnace takes 
place as a result of an electric current that flows into a wall of the furnace. 

DESCRIPTION OF THE RELATED ART 

In furnace operations, high demands are often placed on the insulation of the 
heated yolume. High demands are also placed on the requirement of uniform 
temperature distribution within the furnace in respect of different applications. In other 
words, the greatest acceptable temperature difference throughout the heated volume 
is often very low. In other applications, it is desired to check and control temperature 
distribution to a very high degree of accuracy in accordance with a predefined 
distribution. 

Examples of such applications are furnaces for single crystal growth, diffusion 
furnaces and tube-like furnaces where electric current through the tube wall generates 
the thermal energy that heats the enclosed volume of the furnace. This heating of the 
furnace volume requires a high amperage input, which means that the devices through 
which electric current is taken into and out of the furnace must have a large cross- 
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sectional surface area. The furnace may be a continuous conveyor furnace having 
open ends, or a furnace that fully encloses the furnace volume. 

Tube-like furnace may consist of a tube to which current is supplied. The tube 
may include an internal ceramic lining. The tube may also be a process tube situated 
within a surrounding heating coil. 

When a temperature gradient exists between the furnace and its surroundings, 
all devices that are in direct contact with the furnace surface will lead thermal energy 
away from the furnace to the colder surroundings. This thermal energy drain takes 
place from the point at which the device concerned is in contact with the furnace 
surface and is more effective the better the device conducts heat and the larger the 
contact surface is between said device and the furnace. 

Examples of such devices include supports for holding the furnace in place, 
different measuring devices^ and current outlets for supplying current to the furnace 
surface or leading current away from said surface. These devices are often made of 
metal and are therefore good heat conductors. When the device in question is a 
current input device, large electrical contact surfaces are often required due to the 
strong current required to heat the furnace to the desired temperature. 

Typical working conditions for a given type of electrically^heated tube-like 
furnace include temperatures of from 500-1 200°C inclusive. At these temperatures, a 
typical highest acceptable deviation from the predetermined temperature distribution in 
the furnace is 10-20''C. When heating material for single crystal growth by diffusion, 
the temperature range may be 500-1400''C with an accuracy of +/- 0.1 °C. The electric 
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currents required to achieve such working temperatures are so strong as to require the 
use of relatively powerful current input devices. 

Other types of furnaces may be heated in ways other than by supplying 
electrical energy to the furnace casing. Furthermore, different devices that do not 
normally conduct current may be applied to the furnace casing and thereby cause the 
punctiform flow of thermal energy from the heated furnace volume. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention relates to a method of transmitting electric 
current to a furnace which is heated, either totally or partially, by current transport e d 
conducted in the furnace wall, and where electric current is transmitt e d conducted 
through devices lying against or connected to the furnace wall , and is charactorisod i n 
that at . At least one of said devices has close to the furnace wall a section whose 
cross-sectional area is smaller than the remaining part of the device in question , and 
i n that th e . The electric current passing through said smaller cross-sectional area 
causes in said region of smaller cross-sectional area the development of heat that 
corresponds substantially or totally to the heat transport transfer that would have taken 
place from the furnace wall to the device in the absence of said smaller cross-sectional 
area. 

The invention also relates to aft a furnace arrangement of tho k i nd hav i ng tho 
gen e ral f e atures sot forth in C l a i m 8 . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in more detail partly in connection with the 
embodiments of the invention shown in the accompanying drawings, in which 

Fig. 1 is a general view of a preferred embodiment of the present invention; 

Figs. 2-6 are cross-sectional views of different examples of preferred 
embodiments of electrically conductive devices according to the present invention; and 

Fig. 7 is a cross-sectional view showing in more detail an example of a 
preferred embodiment of a current input device according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a side view of a so-called tube-like furnace according to one 
embodiment of the present invention, with dimensions b e ing given in m ill im e tr es 
millimeters . The furnace is of the so-called continuous conveyor furnace type and has 
the form of a long open cylinder, a so-called annealing tube, whose barrel surface 1 
constitutes the furnace casing operative in the process. The casing consists of an 
electrically conductive material^ preferably a metal or a metal alloy. Products [[,]] such 
as wire, for instance, are annealed in such furnaces. 

The invention can as well be applied with a tube-like furnace for batch-wise 
heating of products, in which case the ends of the tube are closed during product 
heating operations. Furnaces of this nature may be used, for instance, in the 
manufacture of electronic circuits. 

NiCr is a typical metal alloy used in furnace manufacture. However, this metal 
alloy spatters at high temperatures, due to material oxidation. This spattering 
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influences the mass distribution of the furnace casing and therewith its electrical 
resistance. In turn, this makes control of the furnace temperature difficult to achieve 
as a result of the strength of the current applied. For this reason, FeCrAI is a preferred 
material in respect of tube-like furnaces according to the present invention^ since this 
material does not splatter . 

A number of electric current devices 2-6 are connected to the furnace casing, of 
which certain terminals 2-4 are current input devices and the remaining terminals 5,6 
are current drainage or current discharge devices. Electric current is caused to flow 
into the furnace casing 1 through the current input devices 2-4 and to leave the tube- 
like furnace through the current drainage devices 5, 6, by applying an electric voltage 
across the current input devices 2-4 and the current drainage devices 5, 6. Because 
of the power developed in the furnace casing 1, the current will heat the enclosed 
furnace volume as a result of the electrical resistance in the casing 1 . 

The voltage across each pair of current input devices and current drainage 
devices can be adjusted individually, so as to enable the current therebetween to be 
controlled. This enables the object of being able to control heating of the enclosed 
furnace volume to be achieved, so that the magnitude of the heating effect will be 
different at different places along the longitudinal axis 9 of the furnace. 

Thus the furnace power supply, and therewith its temperature distribution, can 
be controlled in a very precise manner by appropriate placement of the current input 
devices 2-4 and current drainage devices 5, 6 and the application of an appropriate 
voltage thereacross, as will be understood by the person skilled in this art. The 
volume whose temperature it is desired to control in the tube-like furnace of Fig. 1 may 
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be that part of the enclosed furnace volume situated between the current input device 
2 and a respective current input device 4 or 5^ and the current input device 3 and 
devices 3 and 6^ respectively. 

One problem with this construction Is that heat is dissipated from the furnace 
casing 1 through the current input devices, since said devices are in direct contact with 
the furnace casing. This heat dissipation contributes in to the disturbance of the 
predefined temperature distribution desired with regard to the enclosed furnace 
volume. 

With the intention of balancing this heat loss, the current input devices 2-4^ 
placed in the vicinity of the region of the enclosed furnace volume whose temperature 
shaH is to be controlled are provided with a waist 10-12 (see Figs. 2-4) . In other 
words, there is provided on each such current input device 2-4 a region 10-12 whose 
cross-sectional area is much smaller than the cross-sectional area of the remainder of 
said current input device. As a result of the smaller cross-sectional area ef at the waist 
10-12, the electrical resistance offered to the current through the devices 2-4 is greater 
in the waists 10-12 than in the remaining parts of respective devices 2-4. As current 
flows through the input devices 2-4, power is developed as a result of the electrical 
resistance of said devices and by the current that flows through the devices 2-4. This 
power development contributes to a heat surplus in each current input device 2-4, 
thereby causing the furnace casing 1 to be heated punctiformly at the contact surface 
between the input device 2-4 and the casing 1 . By adjusting the cross^sectional area 
ef at the wast e waist 10-12^ the person skilled in this art will be able to balance this 
input of energy to the furnace casing 1 against the energy losses resulting from heat 
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dissipation through the current input devices 2-4^ and thereby achieve a zero net flow 
of thermal energy from the furnace to the surroundings through said input devices 2-4. 
This net contribution to heating of the enclosed furnace volume will therefore not 
influence the temperature distribution in the furnace. The waist is located close to the 
barrel surface of the tube so as to reduce the size of the surface of the input device 
located between the waist and the tube waH, this surface being cooled by the 
surroundings. 

Instead of providing the current input device with a waist, the current density 
can be increased by removing material from the central part of said device, for 
instance by providing a hole therein. 

The tube-like furnace can be held in a desired position with the aid of different 
types of supports (not shown in the figure). These supports lie in direct contact with 
the barrel surface of the furnace and therewith contribute to the drainage of thermal 
energy from the furnace surface 1 to the surroundings through the support surfaces in 
contact with the furnace housing 1 , in much the same way as do the current input 
devices, resulting in a temperature imbalance in the heated furnace volume. 

Similar to the electric current input devices 2-4, the supports can be made of an 
electrically conductive material and a voltage can be applied across the supports so as 
to cause current to flow therethrough, wherewith the applied current through the 
resistance effect will contribute to the flow of heat into the furnace housing 1 through 
the cross^sectional area of the supply. The net heat flow loss can be brought to zero, 
by regulating the applied voltage and by adjusting the cross-sectional area of the 
support. In a preferred embodiment, the electrical resistance of the support is 
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influenced by providing the support in the proximity of its contact surface with the 
tubular casing 1 with a waist that has a smaller cross- sectional area than the 
remainder of the support. This waist contributes towards increasing the resistance of 
the support and thereby the subsequent flow of heat into the tubular housing. The 
supports and the current input devices may, of course, be integrated with one another. 

The energy balance in the furnace will also be disturbed by other heat 
conducting elements that are in direct contact with the surface of the tube-like furnace. 
An electric current can be passed through all such devices, wherewith said current can 
be brought into thermal energy equilibrium with the furnace surface 1 in combination 
with appropriately chosen dimensions of said devices or said waists. Two such 
devices are referenced 7, 8 in the figure. 

Figs. 2-6 illustrate five different embodiments of electrically conductive devices 
2-6 according to the present invention, with dimensions being given in mill i m e tr e s 
millimeters . As will be seen, the dimensions of the current input devices 2-6 are by no 
means small in relation to the diameter of the tube. It is necessary for the cross- 
sectional area of the devices 2-6 to have at least a given order of magnitude because 
of the strength of the heating current. Because the contact surface areas between the 
current input devices and the tube waH are of a substantial magnitude, the loss of heat 
through the current input devices is far from negligible. 

The geometrical shape of the contact surfaces of the current input devices 2-6 
can be chosen selectively to suit the remaining conditions of the embodiment, 
provided that the geometrical shape is of an order of magnitude that enables the 
present objects to be achieved. 
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The waists 10-12 on the current input devices 2-4 shown in Figs. 2-4 are placed 
in the close proximity ef to the temperature-controlled part of the enclosed furnace 
volume 1 ^_as can be clearly seen from the figures. 

Fig. 7 is a more detailed side view of an electric current input device 2 
according to the invention. This figure shows the study of the vertical energy balance 
through a horizontal plane at the level of the waist 10 of said device 2. Heat lost from 
the furnace to the surroundings through said current input device is illustrated by the 
arrow 14. Electric current flowing through the waist of the current input device results 
in a balancing flow of heat into the tubular casing. This compensating heat flow is 
illustrated by the arrow 1 5. The net heat contribution of the energy flows illustrated by 
arrows 14, 15 can be controlled to equal zero by choosing a waist 10 cross-sectional 
area of suitable magnitude in relation to the operating temperature in the furnace 
casing 1^ and of a suitable magnitude in relation to the current strength in the 
operation of the furnace. 

Although the invention has been described above with reference to a number of 
exemplifying embodiments, it will be understood that the design of the current input 
devices, the number of said devices^ and the number of current drainage devices can 
be varied, as can also the design of said waists. 

The present invention shall not therefore be considered to be restricted to the 
described embodiments, since variations can be made within the scope of the 
accompanying C l a i ms claims . 
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What is claimed is: 
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